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Abstract
After four decades of research, the Quadrifilar Helix Antenna (QHA) has become 
extremely popular for satellites and ground terminal applications. Formed from big 
wires during its inception, it has come a long way now to be tiny enough to fit in hand 
held terminals. It has a very effective performance capability suitable for several 
purposes. Antennas for modem day satellites and ground terminals not only need to 
be efficient in their performance but also need to be as small as possible.
This report introduces the Printed Quadrifilar Helix Antenna (PQHA) for Satellite 
communications and Global Navigation and Satellite Systems, discusses its 
performance parameters along with current and past researches. A novel method of 
reducing the size of the antenna by incorporating a meandering technique with 
variable pitch angle is presented. The new antenna was built by taking as a reference 
conventional PQHA and has been named the Meandered Variable Pitch Angle Printed 
Quadrifilar Helix Antenna (MVPQHA). By using the technique of meandering and 
using variable pitch angle, the size of the antenna can be reduced by over fifty 
percent.
The report also presents the technique of combining folded and meandered segments, 
along with an integrated feed network, which are conformai to the antenna stmcture. 
An integrated antenna is an attractive option for decreasing the overall size of the 
antenna. The report also presents a brief introduction on the kind of research that will 
be carried out in the future and the kind of improvement that can be made on existing 
Quadrifilar Helix Antennas.
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Chapter 1
Introduction
1.1 Motivation and Objectives
Over last few decades there has been a tremendous increase in the use of technology. 
Anybody who uses a mobile phone uses satellite navigation, or watches cable TV, 
would acknowledge its growing use in everyday life. The growth of technology has 
also meant the performance and efficiency of these technologies have improved. The 
devices require good services, noise suppression, be able to work in different 
conditions and environments.
One of the key elements of any wireless communication system is the antenna. The 
antenna coverts an electrical signal into waves or converts Radio-Frequency (RF) 
waves into electrical signals. There are many types of antenna that are used in 
communication devices. The Quadrifilar Helix Antenna (QHA) is an example of one 
such widely used Antenna. QHA are often fabricated in a printed form which is 
termed a Printed Quadrifilar Helix Antenna (PQHA).
The PQHA is frequently used in Global Positioning System (GPS) and Global 
Navigation Satellite System (GNSS) devices. Commercial GPS and some satellite 
communication equipment require antennas that can provide a good circular 
polarization and cardioid pattern in the hemisphere. The PQHA used in many 
personal and mobile communication systems and satellite hand held devices needs to 
be compact and small. There has been an increase in the research into PQHA during 
recent times [23, 45]. When the antenna was first built it was made up of different 
kinds of wires and was very bulky in nature. However, recently most of the effort has 
been aimed at making antenna smaller. The antenna can be made so small that it can 
fit in any portable devices. Most of the methods that have been used to make the 
antenna smaller have involved either printing the antenna on a dielectric, folding or by
changing some of its parameters. Reducing the size of antenna can make the size of 
the device itself smaller and more portable and it also helps in reducing the overall 
cost.
The objective of this research is to decrease the existing size of the Quadrifilar Helix 
antenna by introducing a novel approach. The geometry of the antenna allows us the 
flexibility to change different parameters and study its performance. Such changes in 
the geometry have been exercised in this research. Care has also been given that the 
other performance parameters such as the radius, number of turns, are not affected as 
a result of changing the size of the antenna
1.2 Structure of Report
The report is mainly divided into six chapters. The first chapter illustrates some 
motivations and objectives of the particular research topic.
The second chapter is the literature review covering the antenna structure, working 
principles and trends in research. Special focus will be on research that has been 
carried out to reduce the size of the antenna. Some other research in improving other 
antenna parameters will also be discussed along with methods to make antenna work 
in multiple frequency bands.
The third chapter will look at the Meandered Variable Pitch Angle Printed Quadrifilar 
Helix Antenna (MVPQHA), its parametrical studies, simulations and measured 
results. This antenna is also compared with other types of existing QHA sueh as the 
Printed Quadrifilar Helix Antenna (PQHA) and Meandered Printed Quadrifilar Helix 
Antenna (PQHA). The effect of making the antenna small has also been looked at. A 
small section is given for making the feed network for such antennas.
The fourth will look at Integrated Meandered and Folded antennas..
The fifth chapter ends with some conclusions and suggestions for future work.
1.3 Novel Contributions And Achievements
A method of reducing the size of the antenna to a large extent while keeping the 
performance to the desired level has been presented. From the research the following 
contributions were produced;
- A Variable pitch angle along with meandering technique was presented which 
was able to decrease the size of the reference antenna by over fifty percent 
compared to eonventional Printed Quadrifilar Helix Antenna 
Width of the helices are decreased in each element so as to prevent helices 
from overlapping and to implement variable pitch angle to a larger degree 
Small size reduction for the dual Frequency Printed Quadrifilar Helix Antenna 
is shown to be possible by using a meandering and folding technique where 
each small meandered segment is parallel to a corresponding folded section
1.4 Publication
Bhandari, B, Gao, S and Brown, T., “Meandered Variable Pitch angle Printed 
Quadrifilar Helix Antenna”, Conference on Antennas and Propagation, 
Loughborough, 2009
Chapter 2
Review of Quadrifilar Helix Antennas
2.1 Introduction
The Printed Quadrifilar helix antenna (PQHA) has gained widespread recognition due 
to its good circular polarization, large coverage, hemispherical pattern and use in 
different satellite and communieation systems. [1]. It has also gained interest in 
various personal mobile communication applications such as the satellite phone 
handset. The QHA antenna is small and can be easily mounted on a mobile terminal 
[2]. The application of the Quadrifilar helix antenna is very wide ranging from 
handset satellite terminals, GPS, marine, broadcasting and other satellite applications. 
Due to its shape and construction it allows fiexibility to improve its performance 
easily by altering its shape, size, dielectric permittivity, length etc.
This chapter introduces the Quadrifilar helix antenna and its working principle is 
studied. The chapter also includes the effect of certain factors such as height, turn of 
helix, use of ground plane, helix circumference, and pitch angle on performance. A 
research and development trends will be shown later in this chapter. Special focus is 
given to the research to decrease the size of the antenna. Other reviews include the 
methods used to make the QHA work in multiple frequencies and the uses of QHAs 
in terms of applications are also presented.
2.2 Quadrifilar Helix Antennas (QHA)
The QHA was developed by Kilgus [3]. It eonsists of four helices equally spaced in 
cireumferenee on a cylinder and fed with equal amplitude radio signals with relative 
phases of 0  ^ , 90 ,^ 180  ^ and 21 Çp [4]. Feeding the two bifilar helices in phase 
quadrature produces a cardioid-shaped pattern with circular polarization [5]. Figure 
la and lb shows the typical QHA and its pattern.
330 ° 30=
,60 °
240°
180°
Figure 1 a) Q uadrifilar Helix Antenna b) Cardioid Shaped Pattern
The dependence of the helix cireumferenee in terms of wavelength (CQ and its effect 
on the radiation properties has been explained in [4]. QHA radiation is similar to that 
of a unifilar helix except that it operates in axial mode for between 0.4 and 2 
whereas the unifilar helix operates in axial mode for between 0.75 and 1.25. This 
shows the QHA has an advantage of increased bandwidth and lowered frequency for 
axial mode operation.
Circularly polarized antennas with very broad beam have the application in space 
communications. There are many available antennas for space communications with 
circular polarization: such as the turnstile, conical and travelling wave bifilar which 
are bulky. Each bifilar Helix produces a toroid shaped circularly polarized pattern 
with a null perpendicular to the direction of the helical axis. Feeding four helices in 
phase quadrature produces a cardioid-shaped pattern with circular polarization in the 
front hemisphere [6]. The explanation on the kind of pattern and working principle 
has been given by Kilgus in [3, 5, and 6].
There are several factors that affect the performance of the QHA. A Quadrifilar Helix 
Antenna is similar in many respects to the unifilar helix antenna. A Unifilar helix 
antenna radiates in normal /radial or axial/forward mode depending upon the value of 
helix circumference
The N-filar (where N is the number of turns) QHA is similar to the N-unifilar, except 
for the fact that by the use of multiple windings the bandwidth of the QHA is much 
larger than for the unifilar. When N increases the phase is enforced in many modes 
which cause the pattern to break up. When N increases it is necessary to progressively 
use larger pitch angles (a) [4,7].
The Ground plane, which is generally considered not very important in the unifilar 
helix, has a serious effect on QHA performance, and it is an important parameter. 
Pattern break up can be avoided by the use of a properly sized ground plane, which is 
normally 2 to 5 times the antenna diameter, and optimum pitch angle for the best 
bandwidth [4, 7].
The effect of axial length on QHA performance was discussed on [4], where it was 
shown that the directivity QHA depends upon the axial length of the antenna. As the 
axial length increases the directivity increases provided the number of turns remain 
constant. Similarly, the pattern is also affected by the changing length. The beam 
pattern narrows with increased axial length [4, 7, 8].
2.3 Literature Review
One of the methods of deereasing the size of the PQHA is by the use of dielectric 
material as shown in Figure 2. Dieleetrie loading is used in the Quadrifilar helix to 
decrease the physieal size of the antenna. Sarantel developed a new class of 
dielectrically loaded antenna. The eleetromagnetic resonanee energy is concentrated 
in the dieleetrie core instead of the space surrounding of the antenna in the dieleetrie 
loaded QHA [9].
Sleeve balun
Figure 2 Dielectrically loaded QHA with sleeve balun [10]
The phase quadrature is achieved by using two bifilar of slightly offset resonant 
frequeneies. One of the bifilar helix is longer than the resonant length to produee 
input impedance with a phase angle of +45 degree and the other one is shorter to 
produce a -45 degree phase angle. The result is a 90 degree phase differenee between 
the eurrents in the first bifilar and the seeond bifilar to obtain quadrature [11]. The 
DQHA (Dieleetrie QHA) (Fig 2) uses the sleeve balun at the bottom that provides a 
balaneed signal at the tip. Sleeve Balun provides short circuited sleeve around the 
helices. It is a one to one type of balun and does not provide any impedanee 
transformation. Distanee from balun rim to the tip is generally one-quarter of a 
wavelength in most of the DQHA [7]. The eurrent propagates down the helix around 
the rim and then back up to form a complete 360 degrees, this means at resonance 
equal eurrents of opposite in phase flow approximately half way through the radiating
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sections [9]. However, there is a disadvantage of getting the antenna smaller by using 
the dielectric loading. The effect of reducing the size of the QHA by dielectric loading 
is that the Q factor increases whieh results in a decrease in the operating bandwidth.
Another kind of dieleetrieally loaded QHA antenna is given below (fig.3). This 
antenna finds its application in GPS. The antenna uses a eeramic road as the dieleetrie 
whieh has extremely high permittivity. Due to this reason the PQHA is extremely 
small. However, the input impedanee of this antenna is found to be much less than 2 
ohm and the radiation effieieney is only 25 % [12]. The gain for dieleetrieally loaded 
small antennas is very small compared to larger unloaded antennas. The gain of 
eleetrieally small antennas is discussed in detail in seetion 3.2.
Figure 3 Dielectrically loaded QHA [12]
The size of the antenna can also be reduced by the use of meandered elements [13]. 
The figure below shows the decrease in the axial length of the antenna by meandering 
the helix (Fig.4).
J I i
L-element (mpqha) = Z  (AA + AL)
L-aua
element (pqha)
(PQHA)
L-a dal ^ pqha>
Figure 4 Unwrapped M PQHA and PQHA [13]
If the width of each meandered element is considered to be AL and the length as AA 
then effective length is given by,
L = ^  (AA+ AL) (1)
The approach reduces the helical length of the antenna and in turn decreases the 
overall axial length. A size reduction of over fifty percent has been achieved when 
compared to a reference PQHA. Various results for different values of A A have 
shown that the Meandered QHA (MPQHA) has similar characteristics to the PQHA 
but has a the reduction in physical size [13]. Building upon the previous type of 
meandering technique a different kind of meandering technique for PQHA was 
carried out in [14] (as shown in Fig. 5).
R e f  PQHA 
' * #
iv1 PQ H A
0MNB
Figure 5 Size reduction o f PQHA by m eandering [14]
A size reduction up to 33 percent was obtained by this meandering technique without 
affecting the performance to a conventional Printed QHA. However, it should be 
noted that too much meandering affects the efficiency and bandwidth of the Printed 
Quadrifilar helix Antenna. The efficiency in this case decreased from 98 to 82 % as a 
result of the decrease in size.
A different kind size reduction technique by the use of a folded QHA antenna has 
been proposed in [15]. The antenna structure is given below (Fig 6).
Feed Network
Feed Network
Figure 6 Size Reduction by the use o f Folded QHA
Both the antennas showed a similar radiation pattern, similar gain and similar 
degradation in axial ratio. In [15] the antenna length is decreased by about 20%. 
Hence, it can be shown that the length performance of a folded antenna is similar to
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that of standard QHA as long as the helix is bent back. The advantage of using a 
folded QHA is in impedance matching. The length of the antenna is related to the 
impedance. Any changes in the length will require a feed network redesign to match 
the antenna impedance. Folded method allows one to choose the height appropriately 
so that it gives a good match. [15]. Length of the radiating elements, must be a 
discrete integer multiple of the quarter wavelength of the operating frequency
A coupled segment method can also be used to decrease antenna axial length without 
changing the pitch angle. The coupled segment allows variable axial length without 
changing the pitch angle. Hence, the QHA can be much shorter than the conventional 
QHA. The antenna element is broken into two sections. The feed is given to the 
antenna lower section, and upper section is coupled to the lower section. Due to the 
symmetry the lower segment will induce equal currents in the opposite side [16] (fig
7).
Figure 7 Coupled Segm ent Quadrifilar Helix Antenna |16 |
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The coupled segment Quadrifilar helix antenna has identical impedance 
characteristics to the normal PQHA but by coupling the segment a new degree of 
freedom is available to an antenna designer in terms of height of antenna as well as 
the radiation pattern.
Figure 8 Com pact Quadrifiiar Helix antenna (17]
Similar to the previous case a size reduction of up to 14% was obtained by the use of 
a gap at the centre of the helical sections of a half wavelength QHA. By overlapping 
the helices and adjusting the band gap of the two sections, and making it mechanically 
tunable, a compact QHA was produced which was also able to work in multiple 
frequencies [17] (Fig 8).
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Another size reduetion teehnique was presented in [18] where the size was redueed by 
a method ealled simulated annealing. In this method various pitch angles were used 
without changing the properties too much compared to a conventional PQHA (Fig 9). 
In this ease, an axial size reduction of 14 % was obtained. The advantage of this 
method is that no significant alteration in impedance matching is required.
HI
\ \ \ \
' m i l '
H2
Figure 9 Size reduction by Simulated Annealing [18]
A satellite antenna for the Space-based Multiband Variable Object Monitor (SYOM) 
satellite is shown in the Figure 10. The antenna has been made compact by the use of 
sinusoidal functions for the shape of the helix. The antenna works at a very low 
frequency of 137 MHz. By the use of this method the size of the antenna axial length 
was decreased from 514mm to 193 mm. [3 8].
13
f e . i
Figure 10 Reference QHA and three QHA by the use o f sinusoidal functions for the helix [38]
A new technique to not only reduce the size (length) of the antenna compared to 
conventional PQ H A  but also make it work in multiple frequeneies with a good 
polarisation performance was presented in [39] as shown in Figure 11. The reference 
PQHA, in this case has a height of 127.16 mm with the radius o f 18 mm and the pitch angle 
of 50 degrees. In this method, the length of Printed Quadrifilar Helix Antenna was reduced 
using meandering and folding each helix which creates multiple resonances. The new 
Compact PQHA (C-PQHA) was able to show size reduction by about 43% and its axial 
length is 72.48mm with the similar pitch angle as the reference PQHA [39]
Figure II (a) Reference PQHA (b) Com pact PQHA |39 |
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Apart from size reduction, a number of researches have also been performed in order 
to make Quadrifilar helix antenna work at multiple frequencies. The QHA is 
inherently a nanow band antenna. It is difficult for a single antenna to have wide 
enough bandwidth to cover large frequency bands. However, by the use of two or 
three Co-Axial QHAs, these limitations can be overcome to some extent by making 
antenna work in multiple frequeneies.
Multiple frequency operation ean be obtained by using 2 DQHA (Dieleetrieally 
loaded QHA) on a single dielectric as given below (fig 12).
Dielectric core
0QHA1
OÛKVÎ ^
Sleeve
FeeoCiSte-
Figure 12 Dual Frequency DQ H A [9]
An antenna has been made to cover GPS LI (1575 MHz) and CNSS (Compass 
Navigation Satellite System) (1620 MHz). The two DQHA antennas have been 
coaxially mounted. The DQHA uses the sleeve balun system. The DQHA 1 has 
radiating element which can be envisioned as a two PQHA operating at LI and 
another PQHA working at CNSS frequency [9]. The bifilar for each DQHA has 
length slightly longer than the resonant length and other bifilar is slightly shorter than 
the resonant length in order to produce phase quadrature. Since GPS LI frequency is 
very close to CNSS, the same Sleeve Balun can be used for both the operations.
15
Figure 13 Tri Band DQ H A [19]
The above antenna (fig 13) was able to operate in LI (1575 MHz), L2 (1227 MHz) 
and L5 (1176MHz) frequency bands. The antenna is based on the previous 
dielectrically loaded antenna design. The antenna can be considered as one 
dielectrically loaded Quadrifilar helix antenna and one dielectrically loaded Octafilar 
helix antenna. . Most of the dielectrically loaded antennas suffer from low gain. [19]
There are other methods to produce multiple frequencies. Vertical stacking and 
coaxial mounting are the other methods as discussed by Kilgus [6]. The coaxial 
mounting reduces the overall size of the antenna and provides the same phase Centre 
at two frequencies.
Other methods include using multiple QHA as shown in figure 14 below.
L2
Figure 14 (a) Closed Type QHA (c) M ulti arm Helix [20]
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The closed type and piggy back type show widely differing radiation characteristics. 
They have their limitations as the gain is reduced compared to single frequency 
operation and the back lobe is increased. The one in figure (14 e) works in three 
frequencies as it practically three different QHA with the same fed. It has four feed 
points and four main arms each of which consists of differing lengths to work at the 
triple frequency. Compared to the other two it provides a more compact structure [20]
The researches of QHA are not limited to size reduction and multi frequency 
operation. There has also been research to improve the bandwidth of the QHA.
Figure 15 Unwrapped Broadband Tapered PQHA [21]
The Quadrifilar Helix antenna can be made broadband by the use of tapered segments. 
The antemia shown in Fig 15 has been named as Tapered PQHA (TPQHA). Normally 
the antenna bandwidth is 5 to 8 percent. However, by using the tapered design the 
antenna bandwidth is increased to about 16 percent. By the use of 2 PQHA, and their 
mutual coupling effect, a wider band dual frequency antenna can also be made [21].
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A novel QHA working in multi band known as Multi Band QHA (MB-PQHA) is 
shown in the figure 16 [40]. In this method eaeh arm of the helix is elongated at 
different length with different widths to be able to work in multiple frequencies [40].
4.
Figure 16 A new method to obtain m ulti-frequency PQHA [40]
Another Antenna with a large bandwidth is shown in figure 17 [22]. The antenna is a 
broadband Conical Quadrifilar helix Antenna.
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Figure 17 Broadband Conical Q uadrifilar Helix Antenna [22]
The half power beam width in this case is 168 degrees and the axial ratio bandwidth is 
huge 18.5 per cent. The eonieal QHA is a very attractive candidate for several 
applications like GNSS which requires a large bandwidth to cover multiple 
frequencies [22]. The antenna provides a small variation in the phase centre and group 
delay. The ground plane for the feed network also works as a ground plane for 
antenna. For the feed network rat-race and hybrid circuits were used to provide 
necessary excitation amplitude and quadrature phase difference across four helices. 
The rat race coupler provides two outputs which are equal in magnitude but 180 
degrees out of phase and hybrid coupler gives two outputs which are 90 out of phase 
and equal in magnitude
19
A new Quadrifilar Helix Antenna with integrated feed network for satellite 
communication application is shown in figure 18 [41]. Most of the QHA for satellite 
applications require a complex feed network. The designed antenna shows an easy 
method to develop a feed network with good performance for mass production [41].
Figure 18 PQHA for Satellite Application with integrated feed [41]
20
2.4 Summary of Findings
Table I
Type of QHA Advantage Disadvantage Key Parameter
DQHA Reduced size Low gain Dielectric 
Material, length 
of helix
MQHA Reduced Size Efficiency, 
Bandwidth decreases
Extent of
meandering.
Length
Folded QHA Reduce Size,
Impedance
Matching
May require feed 
network redesign
Length of 
radiating element
Compact 
Mechanically 
Tunable QHA
Size Reduction, 
Works in multiple 
Frequency
Low bandwidth. 
Complexity in 
designing and making 
it tunable
Length of 
overlap of 
elements and 
band gap
Dual and Tri-band 
DQHA
Works in multiple 
Frequency
Low gain, efficiency, 
suitable for design for 
frequencies close to 
each other
Dielectric 
material, length 
of each element
TPQHA Improved
bandwidth
Poor efficiency and 
pattern with tapering
Extent of 
tapering
MB-PQHA Works in Multiple 
band
Low bandwidth Extended portion 
of each helix and 
gap between the 
extended portion
Conical QHA Large bandwidth 
and beam width
Large antenna Starting radius of 
cone and final 
radius of cone, 
cone angle, 
number of turns
2.5 Conclusion
In this chapter, a literature review of different types of QHA was carried out along 
with its working principle and trends in research. Special focus was given to the 
different techniques to decrease the size of QHA. Some other research in improving 
other antenna parameters was also be discussed along with methods to make antenna 
work in multiple frequency bands.
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Chapter 3
Size Reduction by Meandered Variable Pitch Angle 
Printed Qnadrifilar Helix Antenna (MVPQHA)
3.1 Introduction
The Printed Quadrifilar Helix Antenna is extensively used in mobile and satellite 
communications systems. With time there has been a need to decrease the size of an 
antenna. Several methods to minimize the size and increase the bandwidth have been 
presented for PQHA [13, 15, and 23]. The Meander-line technique is one of these 
methods. In this method, the antenna is divided into number of meandered elements 
so as to reduce the resonant length of the antenna. However, there are problems 
associated with meander line technique, as can be seen in [24] where several methods 
of meandering have been presented. The price of making an antenna very small can 
be seen in terms of degradation in bandwidth, gain and efficiency performance. 
Section 3.2 discusses a description of the electrically small antennas and their 
limitations which will be followed by MVPQHA design, simulations and 
measurement results.
3.2 Electrically small Antennas (ESA) Limitations
Antennas whose size is electrically small are subject to many limitations. Wheeler in
[25] proposed that electrically small antennas are those whose maximum dimensions 
are less than the “Radian length”. Radian length is 1/271 times the wavelength. 
Antenna efficiency in terms of radiated and input powers can be given by the formula
[26],
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Where,
T| = Antenna efficiency which can be expressed in terms of percentage 
Pr= Radiated power 
Pi = Input power 
Pi = Power loss in the antenna
Apart from the power lost in the antenna there are several other factors where power 
can be lost such as impedance mismatch and polarization.
When the antenna size decreases the radiation resistance of the antenna decreases in 
comparison to the loss resistance. This will decrease the overall efficiency of the 
antenna. The radiation efficiency is given by [27],
R  
V (2)
Where,
Rr= Radiation Resistance 
Ri= Loss resistance
The antenna performance can also be described in terms of Quality factor and 
bandwidth.
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Figure 19 Antenna Enclosed in small sphere
The lower bound of the quality factor Qib can be defined by the overall spherical 
volume enclosed by the antenna as given below [28],
Qw -  ^r
1 2^ 
(ka f  ka
(3)
Where,
T[r =" Radiation efficiency
a = Radius of the sphere covering the maximum dimension of the antenna 
k= 2 71 / wave number
The quality factor Q of an Electrically Small Antenna (ESA) has an inverse 
relationship with the bandwidth. Hence, for a larger value of Q, the bandwidth 
becomes smaller. Small antennas which have a small value of the radius of sphere (a) 
give a larger value of Q, which in turn means it will have a narrower bandwidth.
The formula for calculation of Quality factor Q has been found out by Chu [29],
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Where,
Q = Quality factor
k = wave number = —
;i
a = the radius of the smallest sphere surrounding the antenna 
The Q factor is defined as
_ Center _ frequency _ X
bandwidth
Where,
R^ = Radiation Resistance
Ri^ ^^  = Loss Resistance
The gain of the electrically small antenna is fixed within a limit. Harrington gave the 
limitations for such antennas [30],
G = {kaf + 2ka (6)
Where,
G = Maximum gain of the antenna for a given acceptable bandwidth
As seen from the equation 6, the maximum antenna gain is difficult to achieve 
because as the antenna become very small, the losses increase drastically. Hence, for 
optimisation of antenna gain, antenna physical size, and bandwidth all should be taken 
into consideration.
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In the case of the Quadrifilar Helix Antenna the aeeeptable bandwidth calculation was 
shown by K.M Keen [42]. The antenna bandwidth is in direct proportion to the 
antenna aspect ratio. The Quadrifilar Helix Antenna structure is shown in figure 20 
[42].
Lax
Figure 20 Geom etry o f Q uadriflar Helix Antenna [42J
In [42], the bandwidth of the printed Quadrifilar Helix Antenna was empirically 
shown to be proportional to (D/Lax), where D is the diameter of the cylindrical 
antenna and Lax is the axial length of the antenna. The ratio is useful for the QHA 
design with % turn or half turn [42].
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3.3 Meandered Variable Pitch Angle Printed Quadrifilar Helix 
Antenna (MVPQHA)
One of the requirements for modem communication hand-held device is to decrease 
its overall size and weight. It is important that the size and weight of antenna used in 
such devices to be small too. Size of conventional Printed Quadrifilar Helix Antenna 
(PQHA), which are used in communication devices are required to be decreased in 
order to satisfy the space limitations. Antenna can be made small at the expense of 
performance parameters like gain and efficiency. The purpose of this work is to make 
a novel kind of PQHA called Meandered Variable Pitch Angle Printed Quadrifilar 
Helix Antenna (MVPQHA) which can significantly reduce the size of the antenna.
The effect of pitch angle on bandwidth was discussed in [31] and also in the previous 
chapter. The concept of dividing the helices of the PQHA into linear segments and 
the use of variable pitch angle with decreased arm width has been discussed in [32] 
where size reduction of about 10 percent was obtained with respect to the PQHA.
In this segment we will first discuss the configuration of an MVPQHA which will be 
followed by the diseussion of the results obtained and comparisons with existing 
PQHAs. The software used for simulation is CST which is based on the Finite 
Integration Technique (FIT) [33].
The antenna was made by taking a reference PQHA resonating at 2 GHz and 
having an axial length of 84.5 mm. The modified MVPQHA structure is shown in 
Fig 21.
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Lax
(b)
Figure 21 (a) Unwrapped M VPQHA antenna (b) M VPQHA antenna
The air core eylindrieal antenna was made on an extremely thin film of material of 
kapton laminate. However, as the dielectric is extremely thin (about 50 micron), the 
permittivity does not affect the eventual performance significantly. The four helices of 
the antenna are fed with equal amplitude signals but with a phase of 0 ,^ 90^, 180® and
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270 . Each helix is divided into a number of meandered elements (Les) with 
deereasing width. The length of each meandered element is Les and is set to 25mm. 
The pitch angle (a) for a conventional printed Quadrifilar Helix Antenna is about 50 
degrees. For the MVPQHA, each helix is meandered and is followed by another 
element with the step size decrease in the pitch angle. An effort was made to keep the 
height of eaeh meandered element short enough to allow some gap between elements. 
The width of such helices also changes by a small step size.
3.4 Design Procedure
In designing the meandered line segment from a reference printed Quadrifilar helix 
antenna we divide each helix element into number of small square segments as shown 
in figure 22. By doing this we ean shorten the axial length of the antenna.
Figure 22 Element o f M PQHA using meandered line technique
Where, Laxiai (mpqua) is the axial length for Meandered Printed Quadrifilar helix 
antenna. The figure showing one individual square of meandered portion in Figure 
23,
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Figure 23 An individual m eandered elem ent
For designing the antenna, first the elements are made. The elemental length Les is 
the sum of the entire length segments as given by the arrows in the figure above. The 
length of each segment is given below,
a=2.5 mm 
b=2 mm 
c= 2 mm 
d=2 mm 
e=8 mm
w= Varying track width which is different for each segment
The meandering technique in figure 23 was chosen instead of the normal square 
meandering so as to incorporate as much elemental length in a small space as 
possible, while still avoiding overlapping between the elements while they were 
rotated.
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Rearranging the equation given by Daniel K.C chew that in turn modified the 
equation from [34] to find out the axial length of PQHA is given below.
Laxiai (PQHA) “  -  (2;zr)^ (7)
Where,
N is the numbers of rotation. For example if the antenna is turned over 270 degrees 
then N = % , if the helix completes one full rotation then N=1 and for half (180
degree) turn N=0.5
r= radius of antenna
Lg/g = length of each element of PQHA
In the case of the MVPQHA the elemental length can be determined by adding the 
individual square element lengths. However, calculation of the axial length for 
MVPQHA is not straightforward as it is affected by the constantly varying pitch 
angle. In the case of MVPQHA, the pitch angle plays a pivotal role in the determining 
the axial length of the antenna. We use the equation (7) in the case of PQHA to 
roughly determine the axial length of MVPQHA. Let us consider the figure 24,
■a1
Figure 24 Corresponding axial Length contributions by the individual m eandered elem ent o f  
M VPQ H A
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We divide each meandered element into corresponding axial length element of 
antenna. For example Lgsi corresponds to the axial length element Lai, Les2 
corresponds La2 and so forth. The total axial length of MVPQHA will be,
Laxiai (mVPQHA) “  L a i+  La2"^ La3+.......... + Lam (8)
Where, m is the number of elements.
Lggi is the effective elemental length that contributes towards the axial length of 
MVPQHA
Let the pitch angle corresponding to the first element be represented by p  . The
pitch angles are constantly changed for each element by certain degrees which have 
been named as step size z.
The axial length of each element can be represented by the formula
Lai =
La2 +
Lain = + zw) For the mth element
The total axial length of the MVPQHA is given by equation (9),
L a x ia l (MVPQHA) “  ^ es
k= 0
Where, m = number of elements 
k= summation variable 
z= pitch angle step size
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The percentage of size reduction can thus be measured by the given formula,
Size reduction = _P Q H A -A xia l_ leng th_o f _MVPQHA ^ ioO%
Axial _ length _ o f  _ PQHA
We use the same method to calculate the percentage of size reduction in the case of 
the MVPQHA compared to the reference PQHA and MPQHA (Meandered PQHA).
3.5 Effect of pitch angle
A Computer Simulation Technology (CST) was set up and used to examine various 
parameters. The first step of simulation was to set up the units. By default the units of 
the CST is mm and GHz. The antenna structure was then modelled. After modelling 
antenna structure frequency range was set. It is important step because the mesh 
generator will sample in between the frequency range (Appendix A). Later ports and 
field monitors were set up and simulation was run.
The effect of pitch angle on the performance of MVPQHA was studied at first. The 
pitch angle step size was initially selected to be 4 degrees by keeping the average or 
mid pitch angle as 50 degrees. Later a study was done for different step size up to 8 
degrees. In case of return loss bandwidth it was found out that the maximum return 
loss is for about 4 to 5 degree step size.
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Return Loss Bandwidth percentage vs Pitch angle step size
e -
c
tS
o
O)
œ
3 -
4 5 6 7 S
P itch Ang ie Step S ize (degrees]
Figure 25 Pitch angle vs. Return loss bandwidth for M VPQ H A (sim ulation)
Figure 25 shows the plot between the pitch angles against the return bandwidth for 
MVPQHA. Return loss bandwidth was measured from the CST software. A return 
loss of -lOdB was taken as an essential criterion for measuring the bandwidth. It must 
be noted that the at pitch angle step size of 0 degree the MVPQHA ceases to 
Meandered Printed Quadrifilar helix antenna (MPQHA). As discussed in the theory 
(section 3.2) earlier as the antenna size decreases to the level of being electrically 
small antenna (ESA), the bandwidth decreases as the Quality factor increases. The 
reason for the sharp decrease is also because of the input impedance mismatch as 
given in figure 28. Another significant factor of this rapid decrease in the return loss 
bandwidth is the coupling that exists between the two tracks of MVPQHA. With the 
increasing step size the helices on the upper side of antenna comes really close to each 
other resulting in the increase of coupling. Figure 26 and 27 shows the minimum 
separation between two antenna helices with the step size.
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Figure 27 Step size vs. the minimum  separation between the helices (sim ulation)
The MVPQHA geometry is one of the reasons why its optimization is more difficult 
compared to PQHA or MPQHA as the helices come closer to each other. When the 
antenna becomes small its efficiency also decreases. Figure 28 suggests that antenna 
can be well matched for 50 ohm feed for a step size variation of about five degrees. 
When the pitch angle step size crosses 7 degrees, the antenna performance degrades, 
as the antenna size decreases as well as the helices comes very close.
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Figure 28 Pitch angle step size vs. antenna input im pedance (sim ulation)
It is also important to analyse the performance in terms of beam width. Many 
applications require different degrees of hemispherical coverage. Similar to previous 
cases the beam width was found to decrease as the pitch angle step increment above 
Tdegrees. Figure 29 shows that best half power beam width coverage is for the pitch 
angle step size of 5 degrees. The fall in the beam width after step size of seven 
degrees can be attributed to the fact that the antenna helices comes very close to each 
other resulting in a strong coupling.
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Figure 29 Pitch angle step size against beam width (Sim ulation)
3.6 Effect of Track width
A Parametric study of track widths for the MVPQHA is limited because of its 
geometry. So first we study the effect track width for MPQHA which gives a little 
more flexibility. An increase in track width generally means increase in resonance 
frequency. The simulation results however do not show a direct relationship or linear 
relationship. Figure 30 shows the dependence of track width over return loss in case 
of the MPQHA.
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Figure 30 Return loss vs the track width in M VPQH A (sim ulation)
Next the effect of track width on the return loss on MVPQHA is investigated. Only 
the effect of a few width step size and that too very small step size can be shown in 
case of MVPQHA due to the limitations of the geometry.
If the track width of the first meandered element for MVPQHA is w and the track 
width step size is m. The track width of the subsequent meandered element would be,
w-m, for the second element 
w- 2m, for the third element 
w-nm, for the (n+1) element
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Figure 31 shows the effect on return loss in terms of decreasing track width step size.
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Figure 31 Return loss vs increasing track step size (sim ulation)
It should be noted that increasing the track step size in turn means that the track width 
is being decreased more. Similar to the case of the MPQHA, decreasing the size of the 
track width (or increasing the step size) means a decrease in the return loss frequency. 
There is no noticeable change in the gain at different track widths. Also the change of 
track width is extremely small and gradual so the effect on impedance is also very 
small.
Compared to varying the pitch angle, varying the track width has a small effect on 
performance. However, it does aid in reducing size of the antenna as the decreasing 
track width creates more separation at upper part of the antenna which in turn means 
the antenna can be made smaller by use of a larger pitch angle step size.
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3.7 Dielectric Loading
The effect of dielectric loading was next studied. Increasing the thickness of the 
dielectric meant decrease in the return loss frequency. The antenna resonates at about 
2 GHz for a small dielectric thickness of 50 gm, shifting to 1.82 when the dielectric 
substrate was made thicker (3 mm). The dielectric material was simulated with a 
permittivity of 2.2.
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Figure 32 Dielectric thickness vs. Return loss (sim ulation)
The effect of changing dielectric thickness on return loss is small compared to 
actually changing the permittivity value of the substrate which can be seen in figure 
33.
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Figure 33 Frequency vs. Return loss for different value o f perm ittivity (sim ulation)
Frequency vs. Return Loss was plotted for the different values of permittivity in the 
above figure (Figure 33). The permittivity is represented by k in this case. We 
arbitrarily set the thickness of dielectric in this case to 2 mm as choosing very small 
thickness will have a very small effect.
When high permittivity dielectric is used, less amount of power is transmitted to the 
radiating element and hence degradation in performance and increase in return loss. It 
can be seen clearly from figure 32 that the dielectric constant has a much greater 
impact on the return loss frequency compared to the dielectric thickness. When the 
permittivity increased from 2.2 to 10, the corresponding resonance frequency 
decreased from 1.95 to 1.25 GHz.
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3.8 Surface Current
The surface current behaviour in the MVPQHA antenna was studied. At any given 
instant of time one bifilar has a maximum current at a corresponding position of the 
helices.
Position A
A
Position B
25 mm
V
3 8 .4  mm
Figure 34 Surface Current in M VPQH A (CST Simulation)
The two maximum current positions have been named A and B. The cunent direction 
in the radiating bifilar at any given instance of time at those positions is shown in the 
figure 35.
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Figure 35 Current Flow in position A and position B (CST Sim ulation)
From the figure 35 it is clear that the direction of the current at the two positions is 
180 degree out of phase at any given instance of time. Both the figure 34 and 35 are 
partly transparent so that the CST clearly displays the current.
The surface current is the combination of tangential and normal current. It is 
represented by the unit A/m. In the case of the MVPQHA above more than 95 per 
cent of the surface current comprises tangential eurrent. The normal eurrent makes up 
less than 5 per cent. The value of maximum surface current is about 77.011 A/m. 
The current concentration at any instance is high in two places at about the height of 
7.6 mm and 25 mm.
By increasing the permittivity of the dielectrie to 6 the surface current value increases 
to 109.342 A/m. There is no significant change in the case of height of the eurrent 
maximum. But the position of the current flow slightly shifts inwards in to the 
dielectric.
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3.9 Optimization
An attempt was made to lower the size of the existing PQHA antenna by the use of 
MVPQHA antenna without losing too much on other performance parameters. 
Optimization does not necessarily mean best result for all the parameters. However, it 
is the selection of good and acceptable results over several antenna parameters. Here 
are few factors that were considered while selecting the kind of antenna to be 
fabricated.
1. Appropriate step size for the pitch angles chosen to decrease the size of 
antenna. However, care is given either not to overlap the elements, or to lose 
the symmetry of the antenna.
2. The step size pitch angle was chosen so that input impedance remained 
around 50 ohm
3. The minimum beam width requirement was set to be 120 degrees.
4. There wasn’t much option as far as track width is concerned. A decreasing 
track width in each meandered element by 0.1 mm was chosen. A higher value 
of track width step size was not chosen as it brings manufacturing complexity.
5. While selecting the kind of meandering special care was given so that height 
of the element remained small so as to keep the separation between the 
adjacent elements of MVPQHA.
During the process of parametric study for the optimization, certain antenna structural 
and performance parameters was pre-set. For example, while studying the 
performance of varying pitch angle, a maximum pitch angle step size of 8 degrees 
was set, as the helices are seen to be overlapping from CST at step size angle above 8 
degrees. Similarly, while studying the effect of dielectric loading (Section 3.8), the 
dielectric thickness was changed from 1 to 3 mm and the number of samples in CST 
parametric study was set to be 10 in between these two thicknesses.
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The pitch angle for the conventional PQHA was around 50 degrees. By analysing all 
simulation results, the MVPQHA with the pitch angle step variation of 5 degree from
62.5 to 37.5 degree was fabricated. The value was taken by looking at the simulation 
results and to avoid any fabrication complexity. Effort has been made to keep the 
height of meandered element short enough to allow enough gaps between helices to 
avoid coupling.
The width (w) of the lowest meandered element of helix is 1 mm. The track width is 
reduced in successive meandered element by 0.1 mm.
3.10 Simulated and Measured Results
MVPQHA
helix
MVPQHA
Figure 36 Unwrapped antenna structure
The antenna was fabricated as in figure 36 on a Kapton Laminate whose thickness 
was about 50 micron. The antenna had following dimensions,
Laxial = 38.4 mm
a= A variable pitch angle. The average pitch angle is about 50 degrees 
w= Variable Track whose dimension decreases after each element. The initial track 
Width is 1 mm. The width varies by about 0.1mm 
Elemental length of meandered element=25mm
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Figure 37 Return loss jS llj in dB against the frequency
The return loss bandwidth obtained for this type of antenna is about 7.83% which is 
almost similar to the corresponding reference PQHA bandwidth of 7 %. The 
measured antenna return loss for a helix gave a resonance frequency of about 2.1 GHz 
which is very similar to the simulated result.
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Next it is also important to know the performanee of the antenna within the given 
return loss bandwidth gives good results for other parameters. The axial ratio was 
eheeked for all the in between frequeneies of return loss bandwidth and it was found 
to be well below 3 dB thus demonstrating the antenna is eireularly polarized. In the 
Fig 38, axial ratio performanee at 2 GHz is shown. The figure shows that the antenna 
has a good eireular polarization at 2 GHz over the vertieal theta angle of about 140 
degrees.
20  -
(axial ratio)
3 d b
a-200 -150 -100 0 50 100 150 200
Theta de gree
Figure 38 Axial Ratio in dB against theta degree at 2 GHz
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Another performance parameter for any antenna is the radiation pattern. The 
radiation pattern for this type of antenna can be seen in Fig 39.
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Figure 39 Radiation pattern at resonance
The antenna is found to have small front to back ratio. The gain in the main beam 
direction was found to be around 2.5 dB compared to simulated result of 4.3dB. The 
difference in the gain can be because of different reasons such as FR4 and feed 
network loss and connecting cable loss while measurement. The simulated main lobe 
magnitude in this ease was about 4.3 dB and the half power beam width was found to 
be around 133.7 degrees. The simulated gain of the antenna is also very consistent 
throughout its return loss bandwidth. It can be seen in the Figure 40.
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Figure 40 Gain vs. Frequency Graph (sim ulated)
The simulated gain in case of the resonant frequency is about 4.3 dB and it is very 
consistent within the return loss bandwidth.
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3.11 Comparison with other type of PQHA
The fabricated MVPQHA antenna is given in the figure 4L The antenna was 
fabricated on a thin substrate made up of Kapton. The width of the kapton laminate 
was around 50 micron.
-ww-
Figure 41 Fabricated M VPQH A antenna
The MVPQHA has been made from the reference Printed Quadrifilar helix antenna. 
From the reference PQHA, a Meandered PQHA (MPQHA) has also been made 
resonating at the similar frequency. The Fig 42 shows the reference PQHA and 
MPQHA and MVPQHA.
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JFigure 42 (a) Reference PQHA (b) M PQHA (c) M VPQH A
The MVPQHA antenna has a similar meandered elemental length (Les) as the 
MPQHA. The only difference being the pitch angle is changed continuously between 
each element as well as the very small gradual decrease in width of the strip.
The Table II compares the different types of Quadrifilar helix antennas with same 
track track width, and cylindrical diameter.
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T A B L E  II
COMPARISON BETWEEN DIFFERENT TYPES OF PQHA
Antenna Axial
Length
Resonant
Frequency
Return loss 
Bandwidth
Size Reduction
Conventional
PQHA
84.5 2 GHz 7% 0%
MPQHA 46.2 2 GHz 6.9% 45.32 %
MVPQHA 38.4 2.1 GHz 
(Measured)
7.823 % 54.55 %
We can see from the TABLE II that the reference PQHA has an axial length of 84.5 
mm. The return loss bandwidth of this antenna is around 7 percent.
The MPQHA has an advantage over the PQHA of having a smaller size as well as a 
reasonable bandwidth. A size reduction of around 45.32 percent has been achieved by 
the MPQHA. However, if the extent of meandering is increased then it adversely 
affects the bandwidth and efficiency. So while designing an MPQHA a compromise 
has to be made between the size and bandwidth of an antenna.
The MVPQHA which is in turn made from the reference PQHA has an advantage 
of a further size reduction without degradation in the bandwidth. However, it should 
be noted that the bandwidth term is not only limited to the return loss. A significant
54.55 % size reduction can be achieved as well as the return loss bandwidth of 7.83 
per cent when the bandwidth is measured around the resonance frequency of 2.1 
GHz (taking -  10 dB as reference). The advantage of this method is that the effect of 
size reduction on bandwidth can be compensated to an extent by the change of 
variable pitch angle. However, 7.8% measured BW for MVPQHA is at 2.1 GHz. The 
bandwidth at 2 GHz is much less than 7.8 % as seen in the Figure 37. The decrease in 
bandwidth with size is explained in section 3.2. Furthermore, bandwidth is a broad 
term and bandwidth performance for axial ratio and gain has not been considered in 
Table I. The fabricated MVPQHA is not an electrically small antenna (ESA) as the 
maximum length is longer than Xlln. Hence, the antenna gain is higher than the 
calculated maximum gain using the formula by Harrington in Section 3.2 which is for
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ESA. The changing pitch angle has a very small effect on the input impedance. The 
axial length of the designed MVPQHA was around one quarter of wavelength to get 
good matching. The change in the width of the meander element also affects the 
bandwidth and it also prevents overlapping to a certain extent of the helix element at 
the top of MVPQHA.
It is also interesting to see other parameters like Front to back ratio (F/B) and the axial 
ratio bandwidth performance with frequency compared for the PQHA and MPQHA. 
The axial ratio was found to be below 3 dB within the given return loss bandwidth in 
all the three antennas. The gain of the MVPQHA antenna was found to be 2.5 dB 
which is about 2 dB less than the conventional PQHA. However, for most of the 
application a gain of about 2.5dB is considered acceptable, and we have here chosen 
the size of the antenna as the most important parameter for fabrication with acceptable 
antenna performance.
The symmetry was noted by comparing the gain and axial ratio value on either side 
of the axis of the antenna at different frequencies. All the three types of antenna were 
found to be axially symmetrical within the given bandwidth. The symmetry is 
somewhat lost if we look further beyond return loss bandwidth. So it can be 
concluded that the varying pitch angle has no obvious effect on the symmetry of the 
antenna performance parameters when it is chosen appropriately.
The gain of the antenna was measured to be 2.5 dB which is about 2 dB lower than 
the conventional PQHA and MVPQHA. However, a gain of 2.5 dB is considered to 
be acceptable in most of the communication
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3.12 Feed Network Design
The feed network was designed using three Wilkinson Power dividers. Figure 43 
shows the Wilkinson power divider.
resistance 2 X
Curved length X/4and 
impedance 1.414 x Zo
impedance Zo
Figure 43 W ilkinson Power divider
When the power divider is fed into the port 1 of Wilkinson power divider, it splits into 
two equal-amplitude signals at port 2 and 3. The resistance between port 2 and 3 is at 
the same potential, so no current flows through it. The end of port 2 and 3 are parallel 
to the input, hence it must be transformed to 2 x Zo at the input port using the quarter- 
wave transformer to combine to Zq. The characteristic impedance of the quarter 
wavelength transformer must be 1 .4 1 4 x Z q  s o  that the input is matched when port 2 and 
port 3 are terminated in Zq.
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The feed network is designed by the use of three Wilkinson Power dividers. The 
figure below gives the feed eireuit for the MVPQHA antenna.
100
ohm
Figure 44 Feed Network for M VPQH A
A 50 ohm feed is given to the input of one of the Wilkinson power dividers which 
divides the power equally in two arms. The equal division of the power can be 
achieved by having two arms of length equal to a quarter of the guided wavelength 
and an impedance of 70.7 ohm. The end of the two arms is connected by a resistance 
of 100 ohm.
The two arms from the feed Wilkinson power divider which in turn acts as the feed 
for another two Wilkinson power dividers. A difference of length between two feeds 
is maintained so as to have a phase difference of 180 degrees. The output of the two
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Wilkinson power dividers has a phase difference of 90 degrees each. In this way a 
phase difference of 0, 90, 180 and 270 degrees are created with equal amplitude.
The fabricated antenna with feed network is shown in the Figure 45.
Figure 45 Fabricated Antenna with Feed
The feed circuit was fabricated on FR4 Substrate. The difference in gain between the 
simulated and measured pattern can be attributed to use of lossy FR4 substrate and 
also because of the loss at different parts in the feed circuit. For the making of the 
feed circuit some other types of couplers like the branchline and rat race couplers 
were also studied before selecting the Wilkinson power divider. However, the feed 
network using Wilkinson power divider was chosen because it is simple to design, 
and its bandwidth is broad enough for the quadrifilar Helix Antennas. The FR4 feed 
accounted for about a dB loss for the antenna.
56
3.13 Conclusion
A new kind of Meandered Variable Pitch Printed Quadrifilar helix Antenna has been 
presented. The antenna was built taking a reference PQHA. The result showed that the 
antenna is more compact compared to PQHA and MPQHA and can offer a good 
bandwidth performance. The physical length of the antenna has been decreased by
54.55 percent compared to the reference PQHA
57
Chapter 4
Meandered Folded Antenna with Integrated Feed
4.1 Introduction
Most of the PQHAs require a separate feed network which itself is very bulky in 
structure and is not suitable for integration into portable devices. Therefore, there is a 
need to decrease the size of the feed network as well as the antenna size. An 
integrated antenna is an attractive option for further decreasing the overall size of the 
antenna. Integrated feeds are conformai to the antenna structure and in the case of the 
PQHA it is cylindrical in structure. The feed network usually consists of power 
dividers or hybrid couplers. The size of the feed network can be reduced by the use of 
lumped or semi lumped elements.
4.2 Antenna with feed network
------------1 0-
Figure 46 Unwrapped Antenna with Feed network
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The unwrapped antenna and feed structure is shown in Fig 46. The antenna is made in 
a thin substrate of Duroid / RT 5880 (Sr = 2.2 and h = 0.381 mm). The four outputs of 
the feed network should provide equal amplitude but a phase difference of 0®, 90 ,^ 
180® and 270®. Each helix is divided into seven meandered elements. The total length 
of each element is about 25mm. The end each helix is folded back which can be used 
to tune the antenna to the desired frequency as well as to change the antenna 
impedance.
The feed circuit consists of three size reduced Wilkinson power dividers. The size of 
Wilkinson power dividers and the track length have been reduced by the use of 
capacitors. A 50 ohm feed is given to the input of one of the Wilkinson power divider 
whieh divides the power equally into two arms. The end of the two arms is connected 
to the hundred ohm resistor. Those two arms in turn act as the feed for two other 
Wilkinson power dividers. A difference of length in output of those two arms is 
maintained so that the phase difference is 180®.
4.3 Size Reduction
The feed network size has been reduced by the use of capacitors at different points of 
the feed tracks and Wilkinson power dividers. Usually a Wilkinson power divider 
consists of a 50 ohm feed divided into two branches of 70.71 ohm and is connected at 
the end by a hundred ohm resistor to give two outputs of 50 ohm each. The two 
branch length originating from the 50 ohm input is a quarter of a wavelength long. So, 
there is a need to decrease the size of this length as quarter of a wavelength is very 
long for a feed network.
The size of the Wilkinson power divider has been reduced in [37] and we use similar 
method to decrease its size. The figure for the modified Wilkinson power divider has 
been given in fig 47.
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Figure 47 M odified W ilkinson Power divider
The antenna input is given by Zo, the two branch's impedance is given by Zi. The total 
circular length of the two branches is 40i. Two capacitors of value C are put in the 
middle part at a distance of 0i from the feed track as shown in Fig 47. The output 
resistor value is twice the input impedance of Z q. The equation to reduce the size of 
the power dividers are given below [37],
= CO c (18)
Where, w gives the angular frequency and e represents the capacitance. The 
appropriate value of 0i can be chosen and the size of the divider can be reduced. 
Below are the calculated results for the modified Wilkinson power dividers.
When we chose value of 0i to be 300^ the radius of the circle comes out to be 7.6 
mm. The antenna area size has been reduced by about 55 per cent. The eapaeitanee 
value calculated by rounding up comes out to be 1 pF.
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Fig 48 gives the performance of modified Wilkinson power divider. The 
conventional Wilkinson power divider is represented by suffix c whereas modified 
Wilkinson power divider is represented by suffix m.
- 4 -
%  - 1 0 -0
E -12-
1a; -14 _ 
- 1 6 -  
- 1 8 -  
-20
S11C
S11m
S21m
S31m
S23m
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Frequency in GHz
Figure 48 Perform ance o f Conventional and M odified W ilkinson Pow er divider (Sim ulated)
4.4 Results
The use of folded antenna has primarily two advantages. First it provides greater 
flexibility as far as decreasing the size of the antenna is concerned. The meander line 
alone can decrease the size of the antenna; however, too much meandering also 
affects the antenna performance [24]. When combined with an appropriately 
meandered structure, further reduction than can be obtained from the meandered 
portion alone. Secondly, the folded structure can be used for antenna impedance 
matching.
Fig 49 shows the variation of the return loss when the folded length is changed. This 
also shows how the antenna can be tuned for a small variation in frequency.
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30
-40
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Freqjenrv /  Ght:
Figure 49 Variation o f Return Loss with the Folded Length (Sim ulated)
An increase of folded length from 10 mm to 25 mm would mean a change in return 
loss frequency from 1.75GHz to 1.4563 GHz. The folded arms should be kept at 
reasonable distanee in order to avoid coupling between different parts of the antenna. 
The surface eurrent direction at the folded portion is in opposite direction of the two 
helices which are on either side of it.
The return loss against the frequeney plot is given in Fig 50. The return loss frequeney 
is 1.575 GHz. The return loss frequency can be tuned just by changing the length of 
the folded arm of the helix. The return loss bandwidth in this case is about 5.3 per 
cent.
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Figure 50 Return Loss A gainst the Frequency (sim ulated)
Another interesting parameter espeeially for a GPS applieation is that the antenna has 
to be right hand circularly polarized. The axial ratio performance against the theta 
angle is given in Fig 51.Theta is the angle made by any radiation point measured from 
the vertieal plane. It has circular polarization over the large beam width.
25
23
15
10
s
0
-150 -100 -50 0 SO 100 150
Thete sngte in degrees
Figure 51 Axial Ratio vs. Theta A ngle in degrees (Sim ulation)
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Fig 52 shows the antenna gain against the theta angle in degrees at LI (1.575 GHz) 
frequency. From Fig 51 and Fig 52 it can be concluded that the antenna is 
predominantly right hand circularly polarized.
 Left[dB]
Right[dB]
0 -
-15-CQTD
c
c
‘co
CD
-45-
-60
-200 -150 -100 -50 0 50 100 150 200
Angle theta in degrees 
Figure 52 Gain Vs. Theta angle in degrees (sim ulation)
The half power beam width is over 125 degrees over the entire range of return loss 
bandwidth with a hemispherical pattern ideal for the GPS antenna. The gain at the 
return loss bandwidth is above 4.5dB for the entire range of frequencies as shown in 
Fig 53 below.
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Figure 53 Gain Perform ance against the Frequency (Sim ulation)
4.5 Conclusion
A new kind of integrated antenna has been proposed for the GPS applieation using the 
meandered and folded Printed Quadrifilar Helix Antenna. The antenna gives a good 
performance over several parameters. By appropriately selecting the spacing between 
the folded portions and helix the antenna offers and added advantage of further size 
reduction than the conventional Meandered or Conventional PQHA. It also offers 
facility to tune the antenna frequency by changing the length of the folded arm. The 
size reduction of the feed network can be achieved by the use of capacitors
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Chapter 5_____________________________________
CONCLUSION AND FUTURE WORKS
5.1 Conclusion:
In this thesis, method to deerease the size of Printed Quadrifilar Helix Antenna was 
examined. A detailed study of the Printed Quadrifilar Helix Antenna (PQHA) for 
Satellite Communieations was carried out using the current and past researches. One 
of the requirements for modem communication hand-held device has been to reduce 
the size of antenna without too much degradation in its performance. A literature 
review was carried out to investigate different methods to reduce the size of the 
antennas. A new technique for reducing the size of the antenna using meander line 
and variable pitch angle was proposed and examined through simulation and 
measurements. By using this technique, more than 50% size reduction was achieved, 
while the measured gain was less than the conventional PQHA. Another antenna 
using an integrated feed network was designed which gives an option of further 
reduction in the overall size of the antenna. These antennas incorporated folded and 
meandered technique to reduce the size of the antenna, and it has the feed which are 
conformai to the antenna stmcture
5.2 Future Works
The report has presented a method to decrease the size of Quadrifilar Helix Antenna. 
There are many other performance parameters and applications on which Quadrifilar 
helix antenna can be improved.
Although much research has been done in the field of QHA, however, a 
comparatively small number of researches have been done in improving the 
bandwidth of the antenna. QHA is inherently a small bandwidth antenna. Some of the 
researches that have been done in improving the bandwidth of the antenna are either 
using a conical QHA, using tapering width or using a folded structure.
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Gain is another parameter in PQHA whieh needs to improve for better performance. 
Many dielectrically loaded PQHAs inherently suffer from low gain. The dielectric 
that is loaded is normally of very high permittivity to decrease the size of an antenna. 
Even the gain of one of the state of art antennas used in hand held devices are about -2 
to -5 dB. A method to increase the gain however slight will prove extremely 
beneficial performance wise as well as commercially.
Quadrifilar Helix antennas performances depend upon several parameters such as 
axial length, width of strip, rotation angle, pitch angle, dielectric values, ground plane 
etc. Any newly designed antenna can be looked at and its performances with respect 
to several parameters can be studied. Parametrical study results can become a base for 
many future researches.
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Fig A 2 Selecting a Project
Whenever a new CST file is opened, it prompts to select one out of several built in 
project with pre-set units. A “planer antenna” will have a default units in mm, kelvin, 
GHz and ns. The units can also be changed from units icon as shown in figure A3.
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In this window, the size of working plane can be changed in order to make drawing 
plane large enough.
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Fig A 5 M odelling the Antenna structure
Antenna structure can be modelled by using different pre-set diagrams and model. 
Figure A5 shows the example of a cylinder. In the Layer option you can select any 
substrate material like Kapton Laminate and define its properties.
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When an antenna is designed to work in a particular frequency, an appropriate 
frequency band is given for solving. For example, for an antenna supposed to be 
working at 2 GHz, a frequency band from 2 to 3 GHz might be appropriate.
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Figure A 8 Mesh Properties
A mesh properties window as shown in figure A 8 allows setting up Mesh density 
according to the requirement of accuracy and speed of simulation. For most of the 
simulation depending upon the requirement for accuracy, a Lines per wave length of 
over 30 and Lower Mesh limit of over 10 was chosen. Whe speed of simulation rather 
than accuracy is of main concern; the simulation time can be greatly reduced by 
selecting “Simplify Model” for the case of symmetrical antennas.
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To know parameters like Far Field pattern, Monitors icon should be selected. Specific 
Frequency can be given in order to find out appropriate pattern at that frequency.
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